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Introduction
Helminth parasites excel at subverting the host's immune regulatory pathways resulting in immunosuppressed hosts harbouring chronic infections [1, 2] . This immune suppression forms a major barrier to the acquisition of protective Th2 immunity, both in regard to natural infections and potential vaccination. At the same time, immune downregulation plays a beneficial role in protecting the host from pathology during chronic infection, and helminth infections are linked to the amelioration of allergy and autoimmune diseases indicating that helminth-induced immune suppression can be therapeutically applied to the treatment of these conditions [3, 4] . Foxp3 + regulatory T (Treg) cells play central downregulatory roles in controlling reactivity to self-Ags and preventing autoimmune diseases [5] , as well as in limiting inflammatory responses during infection [6, 7] . Helminths induce dominant Foxp3 + Tregcell responses that inhibit protective immunity [8] [9] [10] [11] , alleviate immune pathology [12] [13] [14] and can protect against allergic inflammation [15] . Thus, Foxp3 + Treg cells are a fundamental mechanism of immune regulation during helminth infections, and an understanding of the mechanisms governing the induction of Foxp3 + Treg-cell responses is of principal importance for the design of both prophylactic helminth treatments and therapies for allergies and autoimmunity. Alongside its noted roles in promoting Th1, Th2 and Th17 effector T (Teff) cell responses [16] , and in particular T follicular helper (Tfh) cells [17] 
, recent evidence indicates that the T-cell co-stimulatory molecule ICOS (CD278) is involved in the development and function of Treg cells. ICOS signalling is required for Foxp3
+ Treg-cell suppression in autoimmune settings [18] [19] [20] , and for the expansion of Foxp3 + Treg cells following Ag challenge [21] . Moreover, ICOS expression is linked to the production of IL-10 by CD4 + Teff cells [22] , the induction of regulatory Foxp3 − Tr1 cells [23] [24] [25] [26] , and can be used to define a subset of Foxp3 + CD4 + Treg cells that suppresses via IL-10 [27] .
In infections with parasitic helminths, ICOS is important for the development of Th2 and Ab responses towards the nematodes Nippostrongylus brasiliensis, Trichuris muris, Trichinella spiralis
and Brugia malayi [28] [29] [30] [31] . Interestingly, alongside its association with CD4 + Teff cells, ICOS expression is also upregulated on Foxp3 + Treg cells elicited in response to the filarial nematode Litomosoides sigmodontis [10] . However, the role of ICOS in gen- Fig. 2C ) and S. mansoni (Fig. 2D) . As previously reported [21] Fig. 1A-D) . Similarly, although Ab mediated blockade of ICOS has been reported to increase granulatomous responses to S. mansoni eggs [34] , there was no change in the size of egg-induced granulomas during S. mansoni infection (Supporting Information Fig. 1E and F 
ICOS downregulates localised Th2 cell responses within the LP
ICOS deficiency is associated with reduced Type 2 responses within peripheral LNs [28] [29] [30] . Recent studies now attribute this to the loss of ICOS-dependent IL-4 secreting Tfh cells, rather than Th2 cells as originally thought [38] [39] [40] . CD4 + T cells do not commit to the Tfh lineage until days 6-10 of infection [39] , and at day 7 of H. polygyrus infection, on the cusp of Tfh-cell commitment, the numbers of IL-4 and IL-13 producing CD4 * denotes significant strain effect and § denotes significant infection effect (p < 0.05, Tukey HSD, ANOVA performed using combined data from three separate experiments).
ICOS deficiency impairs the proliferation of CD4

proportion of Foxp3
− Teff cells. (Fig. 6D) . Together, these data suggest that ICOS is partially required for production of IL-10 by Foxp3 + Treg cells, but that it is dispensable for IL-10 production these settings depends upon ICOS co-stimulation; similar to previously described requirements for ICOS in Foxp3 + Treg-cell function in models of tolerance and autoimmunity [18, 19, 21] . This was likely due to a direct impact of ICOS deficiency on Foxp3 ICOS deficiency is ordinarily associated with impaired Th2 cytokine production within secondary lymphoid tissue [28] [29] [30] . Recent work indicates this may be predominantly due to the loss of ICOS-dependent IL-4 secreting Tfh cells [38] [39] [40] , and there is evidence that ICOS-ICOSL interactions are not necessary for T-cell IL-4 production [30, 31, 39] . IL-4 competent CD4 + T cells commit to the Tfh lineage and enter the follicles between days 6 and 10 of Leishmania major infection [39] , and within this time frame (day 7 of H. polygyrus infection) we found IL-4 production by MLN CD4 + T cells was indeed unaffected by ICOS deficiency. 
Cell purifications and in vitro restimulations
MLNs and spleens were dissociated to obtain a single cell suspension in RPMI 1640 (Invitrogen) supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin, 2 mM L-glutamine and 5% FCS. To isolate LP mononuclear cells, external adipose tissue and peyers patches were removed. The small intestine was opened longitudinally, washed in cold RPMI 1640 (Invitrogen) supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin, 3% FCS and 0.02 M Hepes (Sigma), cut into 1 cm pieces, and washed three times in Wash Buffer (RPMI 1640 supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin, 0.02 M Hepes and 2 mM EDTA (Invitrogen)). The small intestine segments were incubated for 15 min at 37
• C in wash buffer supplemented with 3% FCS, 0.16 mg/mL DTT (Sigma) and 5.5 mM EDTA, then washed three times followed by incubation for 30 min at 37
• C in RPMI 1640, supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin, 2 mM L-glutamine, 0.02 M Hepes, NEAA (Invitrogen), 1 mM sodium pyruvate (Invitrogen), 0.5 mM β-mercaptoethanol, 0.1 mg/mL liberase TL (Roche) and 0.5 mg/mL DNase I (Sigma). The digested small intestine was passed through 70 and 40 μm filters (BD Biosciences) to obtain a single cell suspension. For measurement of intracellular cytokines, cells were stimulated for 4 h with 0.5 μg/mL PMA and 1 μg/mL ionomycin, with 10 μg/mL Brefeldin A added for the final 2 h (Sigma Aldrich).
Flow cytometry
The following Abs were used: Alexa Fluor 700-conjugated anti-CD4 (RM4-5 cells. Intracellular staining for Foxp3 and Helios was performed using a Foxp3-staining buffer kit (eBioscience). For intracellular cytokines, dead cells were excluded using Aqua Dead Cell Stain kit (Molecular probes) and cells were permeabilised using the BD cytofix/cytoperm kit. Annexin V staining was performed as per the manufacturer's instructions (BD Bioscience). Flow cytometry was performed using a FACSCanto 2, or an LSR 2 (BD Biosciences), running FACSDiva software (BD Biosciences). Analysis was performed using Flowjo (Tree star).
Statistics
Statistical analysis was performed using JMP version 8 (SAS). Parametric analysis of combined data from multiple repeat experiments, or experiments containing more than two groups, was performed using ANOVA, followed by Tukey HSD post-hoc tests. For non-parametric data, the unpaired Mann-Whitney U test was used. Figures show means when parametric tests were used, and medians when non-parametric tests were used.
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